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Abstract. To determine the effect of hyperglycaemia on plasma copper and zinc in preghancy complicated
with diabetes mellitus, data for 40 diabetic and 40 non-diabetic pregnant women, matched for age,
gestational age, Body Mass Index (BMI), parity and socioeconomic status from a cohort of 349 pregnant
women recruited at gestational age of =25 weeks for the assessment of impacts of trace elements on
pregnancy outcomes were analyzed. |n addition to plasma copper and zinc which were determined by Atomic
Absorption Spectrophotometer (Buck Scientific, Model AVG 210), plasma albumin, glucose, haemoglobin
concentration and Total White Blood Cell Count (TWBC) were determined using standard laboratory
methods. Although diabetic and non-diabetic pregnant women had comparable (p>0.05) age, gestational
age, BMI and plasma copper, the former had significantly (p<0.05) lower plasma zinc (16.49+4.74 vs.
25.31£7.07 pmolfl) with significantly higher plasma glucose concentration (13.19+£1.81 vs. 6.23%1.12
mmol/l). The diabetic subjects also had significantly {(p<0.05) higher plasma albumin and TWBC when
compared to their control counterparts {3.41+0.85 vs. 2.92+0.79 g/dl and 5.72+1.75 vs. 5.10+1.33 x 10%L
respectively), although these were within the reference ranges. Correlation analysis showed that plasma
glucose was negatively correlated with plasma zinc concentration (r = -0.239; p = 0.051). It is therefore
concluded that hyperglycaemia in pregnancy complicated with diabetes mellitus impacts negatively on
plasma zinc status, but lacks effect on plasma copper. This has important health implications for diabetic
pregnant women and their newborns.

Key words: Gestational diabetes mellitus, hyperglycaemia, hypozincuria, metallothionine, antioxidant
enzymes, insulin resistance

INTRODUCTION

Both zinc and copper are essential trace elements with
wide range of functions in the body including the
synthesis of enzymes and nucleic acids (WHO, 1996)
and are involved in the functions of several
cuproenzymes that are essential for life (Goel and Misra,
1982; Raman and Leela, 1992). Studies have shown
that lower consumption of dietary zinc and low serum
zinc levels were associated with increased prevalence
of Coronary Arery Disease (CAD), diabetes as well as
other risk factors including hypertension,
hypertriglyceridaemia and other factors suggestive of
insulin resistance (Singh ef af, 1998). In one study
(Simon and Taylor, 2001), zinc supplementation was
found to attenuate hyperglycaemia and
hyperinsulinaemia in db/db mice, suggesting a role for
zinc in pancreatic function and peripheral tissue glucose
uptake. In developing countries where diet is
monotonous and deficient in trace elements, pregnant
women are at increased risk of copper and zinc

deficiencies. This is aggravated by increased demand
for these trace elements to meet both the maternal and
foetal needs. Deficiencies of copper and zinc have been
implicated in various reproductive events like infertility,
preghancy wastage, congenital abnormalities (Black,
2001), pregnancy induced hypertension, placental
abruption, premature rupture of membranes, still birth
and low birth weight (Pathak and Kapil, 2004). Studies of
micronutrients (including vitamins and minerals) in
diabetes have consistently documented conflicting
reports (O'Connell, 2001; Bo et al., 2008; Hussain et a/,
2009) and data is scarce on the study of copper and zinc
metabolism in pregnancy complicated with diabetes
mellitus. The aim of the present study is to determine
the plasma levels of copper and zinc in pregnancy
complicated with diabetes mellitus.

MATERIALS AND METHODS
This study which was part of a larger study that
investigated the impact of plasma copper and zinc
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status on pregnancy outcomes was carried out among
preghant women attending antenatal clinic of the
Department of Obstetrics and Gynaecology of the
Federal Medical Centre, Abakaliki, one of the referral
tertiary health institutions in the South eastern part of
Nigeria. Subjects’ selection and detailed methodology
has been previously described (Ugwuja ef af, 2010).
Data for forty diabetic and forty non-diabetic pregnant
women matched for age, gestational age, parity,
anthropometrice and socioeconomic status were
analysed. Plasma glucose was determined by glucose
oxidase method as previously described (Barham and
Trinder, 1972), plasma albumin was determined by
bromocresol green as previously described (Hill, 1985),
haemoglobin  concentration was determined by
Cyanmethaemoglobin method while total white blood
cell count was estimated as in a standard haematology
textbook (Dacie and Lewis, 1994).

Data analysis: Data were analysed for mean and
standard deviation while comparison between subjects
and controls were analysed using Student's t-test with
statistical significance set at p<0.05.

RESULTS

From Table 1, the diabetics and non-diabetics pregnant
women had comparable (p>0.05) age, gestational age,
body mass index and plasma copper. However, the
diabetic pregnant women had significantly (p<0.05)
lower plasma zinc (16.49+4.74 vs. 25.31£7.07 mmol/1)
with significantly higher plasma glucose concentration
(13.1941.81 vs. 6. 23+1.12 mmol/l). The diabetic
subjects also had significantly (p<0.05) higher plasma
albumin and total white blood cell count when compared
to their control counterparts (3.41+0.85 vs. 2.9240.79
g/dl and 5.72+1.75 vs. 5.10+1.33 x 10%L respectively),
although these were still within the reference ranges.
Correlation analysis showed that plasma glucose was
negatively correlated with plasma zinc concentration (r =
-0.239; p = 0.051).

Table 1: Comparison of biochemical and haematological
parameters between diabetic and non-diabetic
pregnant women

MNon-diabetics Diabetics

Parameters (n=40) (n = 40) p-values

Age (yrs) 27.80+4.59 2718422 0.890

Gestational age (wks) 21.60+3.79 21.68+3.58 0.112

BMI (Kg/m?) 28.13+4.14 27.09+3.63 0.233

HBC (g/dI) 10.32+1.28 10.31+1.50 0.861

TWBC (x°/L) 5.10£1.33 5724175 0.035*

Albumin (g/dl) 2.92+0.79 3.4110.85 0.010*

Glucose (mmal/L) 6.23+1.12 13.1941.81 0.021*

Copper (umol/L) 9.42+8.33 9.1949.17 0.809

Zinc {(umal/L) 25.31+7.07 16.49+4.74 0.054*

*p<0.05 is considered statistically significant

DISCUSSION

This study has shown that while plasma zinc
concentration was significantly lower in diabetic
pregnant women in comparison to their non diabetic
counterparts, the level of copper was comparable
between the two groups. We have previously reported
significantly higher prevalence of Diabetes Mellitus (D/M)
in zinc-deficient than in zinc-adequate pregnant women
(Ugwuja et al., 2010). Again, decreased serum zinc had
been reported in type | diabetes mellitus (Isbir ef af,
1994, Garg ef al,, 1994). Hyperglycaemia from either type
1 or 2 DM has been found to cause physiologically
important loss of zinc from the body via the urine by
interference with active transport of zinc into the renal
tubular cells (Chausmer, 1998). Although study has
suggested that tissue and plasma zinc loss via urine
may be ameliorated by a compensatory increase in
gastrointestinal absorption of zinc {Chausmer, 1998),
down regulation of zinc transport due to increased
production of metallothionine (MT), a cation binding
protein with high affinity for zinc has been reported in
diabetes mellitus (Escobar et al, 1993). However,
abnormality in zinc metabolism in diabetes cannot be
solely attributed to hyperzincuria (Cunningham et al,
1994) as zinc may be lost from cells as glucose is
translocated into the muscle (Cordova, 1994). Although
results from micronutrients studies in diabetes mellitus
have been conflicting (O'Connel, 2001; Bo et al., 2008;
Hussain et al., 2009) and data is scarce on the study of
zinc metabolism during pregnhancy complicated with
diabetes mellitus, the present finding suggests that zinc
plays an important role in the pathogenesis of diabetes
mellitus in pregnant women. Studies have suggested
roles for zinc in the aetiology and progression of
diabetes mellitus (Sumovski et al, 1992; Chausmer,
1998, Spreitsma and Schuitemaker, 1994; Faure et a/,
1995). For example, in vifro studies have found that zinc
enhances the effectiveness of insulin in non-insulin
dependent diabetes mellitus (Arquilla et af, 1978).
Again, the development of glucose intolerance in
animals deprived of zinc together with the occurrence of
zinc deficiency in type 2 diabetes mellitus suggests a
role for zinc deficiency in the pathogenesis of gestational
DM. Zinc is required for the assemblage of insulin into
structurally stable and functional hexamic structure
(Brange and Langkjoer, 1993). Also, video fluorescence
analysis has shown that zinc concentrated in the islet
cells was related to the synthesis, storage and secretion
of insulin (Zalewski ef al.,, 1994). Additionally, zinc is a
cofactor of antioxidant enzymes, Superoxide Dismutase
(S0D) and catalase that are involved in the protection of
pancreatic beta cells from reactive oxygen species
(Chausmer, 1998). Hence in zinc deficiency, the
synthesis, secretion and functions of insulin may be
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affected. The significantly negative correlation between
plasma glucose and zinc in the present study
corroborates earlier studies (El-Yazigi et al, 1993;
Williams ef al, 1995). Decreased plasma zinc in
diabetic subjects has implications for preghant women
with diabetes mellitus. Zinc is an essential trace
element with diverse cellular functions, especially in
rapidly dividing cells as that of the foetus (WHO, 19986).
Therefore, it is speculated that pregnancy complications
such as macrosomia, congenital foetal abnormalities
spontaneous abortion and miscarriage associated with
gestational diabetes mellitus may be mediated at least
in part through =zinc deficiency. Also, diabetic
complications such as dehydration and susceptibility to
infections may be exacerbated by zinc deficiency as
evidenced by significantly (p<0.05) higher plasma
albumin {(a measure of dehydration) and total white
blood cell count (index for infection), although the two
parameters were still within the reference ranges in the
present study. We therefore concluded that
hyperglycaemia of gestational diabetes mellitus is
associated with reduced plasma zinc without effect on
plasma copper. This has important health implications
both for the diabetic pregnant mothers and their
newborns.
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